ABSTRACT -There is a limited choice of psychometric tests for Portuguese speaking people which have been evaluated in well defined groups. A Portuguese version of CERAD neuropsychological battery was applied to a control group of healthy elderly (CG) (mean age 75.1 years/ education 7.9 years), 31 Alzheimer disease (AD) patients classified by clinical dementia rating (CDR) as CDR1 (71.4/ 9.0) and 12 AD patients CDR 2 (74.1/ 9.3). Cut-off points were: verbal fluency-11; modified Boston naming-12; Mini-mental State Examination (MMSE) -26; word list memory-13; constructional praxis-9; word recall-3, word recognition-7; praxis recall-4. There was a significant difference between CG and AD-CDR1 (p<0.0001) for all tests. There was a less significant difference for constructional praxis and no difference for Boston naming. Comparison between AD-CDR1 and AD-CDR2 showed difference only for MMSE, verbal fluency, and Boston naming. The performance of CG was similar to that of a US control sample with comparable education level. These results indicate that this adaptation may be useful for the diagnosis of mild dementia but further studies are needed to define cut-offs for illiterates/ low education people.
Well accepted criteria for the diagnosis of dementia, like the DSM-IV and the ICD-10 are based on the identification of a memory deficit, and at least one more deficit in another area of cognition. The same criteria were adopted for the diagnosis of Alzheimer´s disease (AD) by the US National Institutes of Health (NINCDS-ADRDA) 1 with a sensitivity of 80%
for the diagnosis of probable AD. This led to the creation, in 1986, of the Consortium to Establish a Registry for Alzheimers Disease (CERAD), with the objective of setting a standard for the clinical and neuropsychological assessment of AD 2 . Eventually, standardized criteria for the neuropathological 3 and imaging 4 diagnosis were established.
CERAD criteria for neuropsychological evaluation are compatible with those of DSM and there is explicit reference, for diagnosis of probable AD, to the need of dementia established by clinical examination and documented by the Mini-Mental State Examination, Blessed Dementia Scale or a similar test, confirmed by neuropsychological examination. There are several advantages in using a standard battery like CERAD: it is possible to compare results among different groups and studies; the examination is uniform and agreement among examiners is high 2 ; test-retest is reliable 2 ; being more complete than a screening test, this battery is able to detect dementia at an initial stage 5 . .inally the battery is not extensive, the time of application being around 30 minutes. With the large group of patients involved along the study, it was possible to determine the effect of variables such as education, age and gender on the performance 6 . The following tests were chosen, to evaluate the main cognitive alterations in AD: verbal fluency (animal category), abridged Boston naming test (15 of the 60 original drawings), Mini-mental State Examination (MMSE), word list memory, with repetition, recall and recognition, and constructional praxis with copy and recall 2 . In former studies the battery was applied to subjects with probable AD and mild to severe disease, whose performance was compared with paired controls. This initial study 2 showed several advantages for the battery: the acceptance among the different centres was good, and technical difficulties in the application were not observed; the time of application was short (between 20 and 30 minutes); the reliability coefficient among examiners was satisfactory for all the tests 2 . Subsequent studies, with additional inclusion of other patients, permitted to identify differences among subtypes of AD 7 and modifications in the performance of the battery with disease evolution 8 . A Brazilian version of the CERAD clinical and neuropsychological batteries was developed by the Disciplines of Neurology and Geriatrics of the Escola Paulista de Medicina in São Paulo. Compared to the Portuguese version, developed by the Department of Neurology of the University of Lisbon, the Brazilian version was remarkably similar, except for one word (grass), that has different meanings in Portugal and Brazil.
The main objective of this study was to evaluate the applicability of this Portuguese-Brazilian version in our population and the possible differences between normal aged people and probable AD.
METHOD
Compared to the English version there were two major points to be considered in the Brazilian version. .or verbal memory tests, words were chosen with roughly the same meaning and extension, but some adaptation was needed. .or instance, the literal translation of the word shore would be costa, which has more than one meaning in Brazil, so praia (beach) was chosen instead. The abridged Boston naming test has items supposed to reflect decreasing word frequency. Since there is not, as far as we know, a study of word frequency in Brazilian Portuguese, we kept the original items in the same sequence.
The tests were applied in the following sequence:
-verbal fluency 9 it is given the order Tell me all the animals you can remember. You can say any animal. One minute is counted starting from the end of the command and the score corresponds to the number of animals reminded in this period. Proper nouns and repetitions are not counted. When animals whose gender is similar are reminded only one is scored, but when the denomination is different (e.g. horse and mare) both are scored.
-Boston naming test (abridged version) 10 -15 drawings of the Boston naming test are presented (tree, bed, whistle, flower, house, boat, toothbrush, volcano, mask, camel, harmonica, tongs, hammock, funnel, dominoes). One point is given for each correct answer without cues, with a maximum score of 15 points.
-Mini-mental State Examination 11 for this research we used a Brazilian version from a study in Sao Paulo metropolitan area which established cut-offs according with education level 12 . Maximum score for this test is 30 points. -Word list memory task 13 ten unrelated words are read aloud (Appendix 1), one by one, by the subject (or the examiner, in case of reading difficulty) at a speed of one word every 2 seconds. Recalling is done immediately after the last word, for a maximum period of 90 seconds. The procedure is repeated, with the words in a different order, two more times. The score is obtained by the sum of the words recalled in the 3 trials, with a maximum score of 30 points.
-Constructional praxis 14 -four drawings are presented, one at a time (circle, diamond, overlapping rectangles and cube), with a maximum of 2 minutes for the copy of each drawing. Scoring is done separately for each drawing, the sum of scores being 11 points maximum.
-Word list recall 13 immediately after the praxis test the recall of the list of words previously presented is done, for a maximum period of 90 seconds, with a maximum score of 10 points.
-Word list recognition 15 -after the spontaneous recalling, the 10 words are presented mixed to 10 new words (appendix 1). To correct for a chance effect, the score is calculated as the total number of correct answers minus 10. As the maximum number of correct answers is 20, the maximum score is 10.
-Praxis recall 14 -the four drawings previously copied should be reproduced spontaneously, with a maximum score of 11 points. The last item of the MMSE, is the copy of two overlapping pentagons. If it is spontaneously recalled by the subject it is also included in the score.
Subjects
The battery was applied to three groups, whose demographic data are shown in Table 1 . There was no difference among:
Control group (CG) -this group was drawn from a cohort being studied by the Discipline of Geriatrics of the .ederal University of São Paulo / Escola Paulista de Medicina. The original study included information on other variables, like social adaptation and mental health. In summary, a visit was done to every household in the catchment area of the University Hospital, in the metropolitan area of São Paulo. Of the 1.667 individuals aged 65 or over being followed since 1991, one in every 10 was randomly selected for the second stage, so that a total of 160 subjects were invited to the University Hospital, for a more detailed evaluation. Of this group 85 subjects were randomly selected for this study. To be considered a control a subject should have no memory complains on his/ her own or on his/her relatives report; no evidence of cognitive or functional decline; no abnormalities at the neurological examination, and have a normal brain CT scan or MRI. Clinicians were kept unaware of the neuropsychological findings.
Alzheimer disease 1 (AD1) -this group was composed by 31 subjects with AD attending the Behaviour Neurology Outpatient Clinic of the University Hospital who fulfilled the NINCDS-ADRDA criteria for probable AD 1 . They were at a mild stage of the disease, with a rating of 1 at the Clinical Dementia Rating (CDR) 16 , what would mean someone with a moderate memory loss interfering with daily activities, possibly with some degree of temporal disorientation, moderate difficulty to evaluate situations and to take decisions and difficulty to maintain social activity. It should be stressed that all these people could seem normal at a casual examination.
Alzheimer disease 2 (AD2) this consisted of 12 subjects from the same source as AD1 scoring 2 at CDR. A rating of 2 means someone who has severe memory loss and will possibly loose any new material. There is disorientation not only for time, but also for place, and difficulty in handling problems and making judgements. These subjects can not have independent activity outside home and can only do very simple chores at home. This group was included only to compare performance between AD1 and AD2. AD2 scores were not used for the calculation of cut-offs.
All subjects went through the complete CERAD protocol which includes not only the neuropsychological battery, but also an interview on cognitive decline, vascular brain disease, Parkinson´s disease, depression, use of drugs affecting the cognition, alcohol abuse, and complete physical and neurological examination.
Statistical analysis was done by using the program SSPS version 7.5. Before analysing the variance between groups, the possibility of using parametric tests was tested by verification of distribution curves skewness and curtosis. The non normal distribution indicated the use of MannWhitney test for analysis of each variable comparing CG with AD1 and AD1 with AD2. A trade-off sensitivity and specificity was done for each subtest, using the statistical program MedCalc. Receiver operator characteristic (ROC) curve were performed in groups CG and AD1/AD2 to identify the better cut-off point, represented by the largest area under the curve. A t-test was used to compare different age and scholarity groups. .or the study of sex influence we used a binomial test. The confidence interval was set at 95%.
Before entering the study all subjects had an explanation on the procedures and objectives of the research. All subjects or responsible caregivers signed an informed consent approved by the University .ederal de São Paulo Ethics Committee. All proceedings were approved by the Universidade .ederal de São Paulo Ethics Committee on Research in Humans.
RESULTS
The comparison among the three groups with regard to demographic variables ( Table 2 . Analysis of variance and multiple comparisons were done between CG, AD1 and AD2, showing a significant difference for all sub-tests, except Boston naming and constructional praxis. Differences between AD1 and AD2 were less impressive, with a p higher than 0.001 for word list memory (0.008), list recall (0.003), praxis (0.007), and praxis recall (0.054).
We then proceed to a trade-off for sensitivity and specificity for the determination of the best cut-off points, through ROC curves, considering as a cutoff the point comprising the largest area under the curve. Table 4 shows the cut-off considering specificity and sensitivity for the separation of normal elderly and AD. All considered, MMSE had the best balance between sensitivity and specificity, though other sub-tests were more specific. The cut-off of 26 is not the same of the original report (24 points -ref. 11 ), but is in agreement with our previous research on a Brazilian sample of people with more than 8 years of education 12 . Not surprisingly the memory tests word list memory, word list recall, praxis recall, and associate verbal learning -were also efficient. .or language tests, while verbal fluency was relatively specific, the naming test was not so efficient, sensitivity being the lowest among all subtests. The lowest specificity was for the constructional praxis test, which also had a low sensitivity. Our data are in accordance with those of a study including people with less than 12 years of education 17 , except for a higher score in verbal fluency (14.4) and a lower score (8.8) in praxis. Table 3 shows that there was a wide range variation for all tests.
DISCUSSION
This research was useful in identifying some neuropsychological tests suitable for application at large in our population. The MMSE mean of 23.0 for AD1 is an indication that this is a sample at a mild stage of dementia. This is important because this is the setting in which the diagnosis of dementia is more difficult, and where objective examination of cognitive functions would be more useful. This being a cross-sectional study, care should be taken about conclusions on disease evolution, but comparing between AD1 and AD2 there was difference for MMSE, verbal fluency and naming only. This could indicate that, after the initial decline, at the beginning of disease, scores remain relatively stable or that there is a stepwise progression. Our results could be compared with those of a larger CERAD sample 8 , in which a nonlinear rate of decline was found for some measures. It is not clear if the rate of progression is slower for less or more severely impaired subjects, and data supporting the first 17 and second 18 hypothesis were reported. Our study design is not appropriate to address this issue, which could be clarified by a prospective study.
As it can be concluded from Table 3 , there is an overlap of scores between the three groups, except for MMSE and word list recall when comparing CG and AD2. This means that for individual diagnosis, when a mild stage of dementia is being considered, the isolated performance in any of the sub-tests should be taken with care. The overlap is largely the result of similar performance between low education CG and higher education AD1. The same pattern was observed in a previous study with MMSE 12 and our impression was that test sensitivity and specificity could be increased by using different cut-offs for different education groups. This may also be the case with CERAD battery.
The sensitivity and specificity of memory recall should not be a surprise in a dementing illness. The verbal fluency test, very easily applied, has shown to be useful in this population. It should again be stressed the bias of education, and the cut-off of 11, which is very close to that of a community-based study in the metropolitan area of São Paulo, designed to establish norms for the general population, which included middle-aged and young adults 19 . This similarity of results could be an indication that our control group is representative of the general population, but a more detailed analysis would be necessary. Though the naming test performance was close to that of the American population 2 , it should be noted that the drawings were chosen according to word frequency in American English, but this could not be the same for Brazilian Portuguese.
With the results of this research, the usefulness of MMSE as a screening test is confirmed. The CERAD battery seems to be a quick and valid set of tests for the diagnosis of dementia, which could be further shortened by the suppression of sub-tests like memory recognition without loss of efficiency. It should still be reminded that there was an effect of education, which was verified for this battery, by the classification of CG in groups with less or more than 12 years of education 6 . The same would probably happen with our population, for which stratification for education levels should be more detailed. To increase the efficiency of this battery, a study of this type will be necessary.
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